Primates spend a considerable amount of time grooming each other. Grooming is regularly found to be traded reciprocally (for grooming) or for rank-related benefits in the presence of food competition. It has been suggested that if food sources are clustered and monopolizable, then lower-ranked individuals will groom higher-ranked ones in order to be tolerated on food patches. This leads to grooming being directed up the hierarchy. However, the conditions where this is expected to occur are based on verbal reasoning alone, and no quantitative analysis of the conditions favouring grooming up the hierarchy appear in the literature. Here, we develop a quantitative model investigating when food competition can result in grooming up the hierarchy. Individuals are assumed to take actions pertaining to whom to groom, where to feed and whom to tolerate on food patches. By allowing individuals to choose actions according to reinforcement learning, we delineate conditions where groups of individuals will express reciprocal grooming and grooming up the hierarchy depending on environmental conditions (e.g. quality, number of food patches). In particular, we show that conditions of intense food competition may lead to less grooming up the hierarchy. The predictions of our model could guide future comparative studies and meta-analyses investigating social relationships in primates.
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Primates spend a significant proportion of their daily time budget grooming other individuals: picking through fur to remove ectoparasites and clean the skin (social grooming, hereafter grooming; Dunbar, 1991) . This observation may come as no surprise since being groomed is beneficial due to the removal of ectoparasites (Tanaka & Takefushi, 1993) . Furthermore, grooming has an important social function, where social bonds between individuals are reinforced through the act of grooming. It has been argued that grooming behaviour has evolved because of these benefits (Dunbar, 1991) . However, there can also be costs associated with giving grooming. These come in the form of opportunity costs (not being able to use the time or energy for other activities), such as reduced vigilance (Barrett & Henzi, 2006; Maestripieri, 1993) . Thus, grooming behaviour can potentially be exploited, whereby within a pair of individuals only one makes the investment to groom and the other reaps the benefit without reciprocating. Understanding the causal proximate and ultimate factors influencing individual grooming decisions is a long-standing goal in primatology (Schino, 2001; Seyfarth, 1980) .
Grooming can be thought of as a commodity that can be traded, where individuals give grooming in order to receive something back. If grooming is solely traded for grooming, then pairs of individuals are expected to trade equal amounts of grooming. Numerous studies do indeed report a so-called time matching of grooming between individuals (Barrett, Henzi, Weingrill, Lycett, & Hill, 1999; Leinfelder, de Vries, Deleu, & Nelissen, 2001; Pazol & Cords, 2005; Rowell, Wilson, & Cords, 1991) . Here, the individuals in a dyad are found to spend an approximately equal amount of time grooming each other, either within a single grooming bout or over a longer period of time. However, primate troops are nearly always characterized by a dominance hierarchy, and grooming interactions occur between individuals of different ranks. In a significant proportion of studies, grooming is observed to be directed up the hierarchy, that is, higher-ranked individuals receive more grooming than lower-ranked ones. Hence, grooming decisions are likely to depend on factors other than just the exchange of grooming. In other words, grooming of high-ranked by low-ranked individuals is likely to be traded for benefits other than grooming
